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(57) ABSTRACT

A single stage electromagnetic interference (EMI) filter
circuit includes a power source input configured to connect
to a power source; an equivalent common mode and differ-
ential mode filter including a single inductor having both
common mode inductance for common mode filtering and
specific parasitic inductance; and a differential capacitance
stage connected to the single inductor in parallel, wherein a
combination of the specific parasitic inductance and capaci-
tance of the differential capacitance stage are used to provide
differential mode filtering.
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1
SINGLE STAGE EMI FILTER DESIGN TO
MEET EMI REQUIREMENTS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

The present disclosure claims priority to Indian Patent
Application No. 202211025522, filed May 2, 2022, the
contents of which are incorporated by reference in their
entirety.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to electrical cir-
cuits. More particularly, the present disclosure relates to
systems and methods for a single stage electromagnetic
interference (EMI) filter design to meet EMI requirements.

BACKGROUND OF THE DISCLOSURE

EMI filters are used on power supplies to meet various
noise (EMI) requirements. Telecom Systems enclosing high-
speed electronics need to meet International regulatory
Noise Emission requirements. These are defined, e.g., by
Electromagnetic Interference/Compatibility (EMI/EMC)
standards like CISPR 32; EN 55032 etc. To meet these
requirements, an EMI filter circuit is required at the power
Input of telecom system. The filter is designed such that any
electromagnetic noise from the system should be attenuated
as per standard limits before returning to the main power
source.

Power supplies generate two types of noise—differential
and common mode noise. To attenuate both differential
mode and common mode node, a filter stage is designed with
a common mode filter and a differential mode filter. Disad-
vantageously, having both common mode and differential
mode filter stage is a challenge for small form factor or
low-cost designs. An additional differential inductor
increases complexity, size, and cost.

BRIEF SUMMARY OF THE DISCLOSURE

The present disclosure relates to systems and methods for
a single stage electromagnetic interference (EMI) filter
design to meet EMI requirements. The present disclosure
includes a circuit using the parasitic leakage inductance of
single stage EMI filter’s common mode choke as a differ-
ential mode filter to replace the two separate chokes typi-
cally used in dual stage EMI filter designs. Of note, the
conventional approach is to reduce the parasitic leakage
inductance of the common mode choke as low as possible.
However, in the present disclosure, we maintain and con-
figure this parasitic leakage inductance to 2-4% of common
mode inductance, versus the conventional approach of lim-
iting it 1% of common mode inductance value. This parasitic
leakage inductance of the common mode choke is used for
the differential mode filter. The appropriate leakage induc-
tance of common mode choke along with right differential
capacitance helps to attenuate both differential mode and
common mode noise and thus eliminates the need for
differential inductor, i.e., two stages, namely a common
mode filter and a differential mode filter. Advantageously,
the single stage EMI filter has a compact design, less
complexity, and lower cost, while also exceeding relevant
EMI specifications. In one example application, the single
stage EMI filter compact design allows use in a small form
factor telecom system.
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In an embodiment, a single stage electromagnetic inter-
ference (EMI) filter circuit includes a power source input
configured to connect to a power source; an equivalent
common mode and differential mode filter including a single
inductor having both common mode inductance for common
mode filtering and specific parasitic inductance; and a dif-
ferential capacitance stage connected to the single inductor
in parallel, wherein a combination of the specific parasitic
inductance and capacitance of the differential capacitance
stage are used to provide differential mode filtering. The
power source can have a power source type of a plurality of
different power source types. The different power source
types can be Alternating Current (AC) and Direct Current
(DC). The different power source types can be Direct
Current (DC), Sinusoidal Alternating Current (AC), and
Quasi Sinusoidal wave AC. The different power source types
can also be any of a 120V Alternating Current (AC), 48V
Direct Current (DC), and 75V Cable Television (CATV)
power. The specific parasitic inductance can be between
2-4% of common mode inductance.

The single stage EMI filter circuit can further include a
one or more surge protectors located between the power
source input and the equivalent common mode and differ-
ential mode filter. The single stage EMI filter circuit can
further include an X capacitor for the differential capaci-
tance stage; and a plurality of Y capacitors for common
mode capacitance. The X capacitor can be located before
and in parallel with the single inductor. The X capacitor can
be located after and in parallel with the single inductor. The
X capacitor can be located after and in parallel with the
single inductor, and the single stage EMI filter circuit can
further include a second X capacitor located before and in
parallel with the single inductor. The plurality of Y capaci-
tors can be in two stages, one before and in parallel with the
single inductor, and another after and in parallel with the
single inductor.

In another embodiment, a network device includes a
housing or chassis; a power distribution unit in the housing
or chassis; and the single stage EMI filter circuit described
above.

In a further embodiment, a method of single stage elec-
tromagnetic interference (EMI) filtering includes receiving
power from a power source; performing common mode
filtering with an equivalent common mode and differential
mode filter that includes a single inductor and that has both
common mode inductance for common mode filtering and
specific parasitic inductance; and performing differential
mode filtering with the single inductor and a differential
capacitance stage connected to the single inductor in paral-
lel, wherein a combination of the specific parasitic induc-
tance and capacitance of the differential capacitance stage
are used for the differential mode filtering. The power source
can have a power source type of a plurality of different
power source types.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is illustrated and described herein
with reference to the various drawings, in which like refer-
ence numbers are used to denote like system components/
method steps, as appropriate, and in which:

FIG. 1 is a circuit diagram of a power supply input filter
having a common mode filter stage and a differential mode
filter stage.

FIG. 2 is a circuit diagram of a single stage EMI filter
according to various embodiments of the present disclosure.
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FIG. 3 is a circuit diagram of a common mode inductor
Lem providing common mode inductance and acting as a
differential mode inductor L.dm based on specific values of
parasitic inductance, for the single stage EMI filter of FIG.
2.

FIG. 4 is a circuit diagram of an example implementation
of a single stage EMI filter circuit, based on the single stage
EMI filter of FIG. 2.

FIG. 5 is a perspective diagram of an example implemen-
tation of the single stage EMI filter circuit of FIG. 4, based
on the single stage EMI filter of FIG. 2.

FIG. 6 is a diagram of a network device in a hardened
form factor that is open, where the network device includes
the example implementation of FIG. 5.

FIG. 7 is a diagram of the network device of FIG. 6 in the
hardened form factor that is closed.

FIG. 8 is a flowchart of a process of single stage EMI
filtering according to various embodiments of the present
disclosure.

DETAILED DESCRIPTION OF THE
DISCLOSURE

Again, the present disclosure relates to systems and
methods for a single stage electromagnetic interference
(EMD) filter design to meet EMI requirements. The present
disclosure includes a circuit using the parasitic leakage
inductance of single stage EMI filter’s common mode choke
as a differential mode filter to replace the two separate
chokes typically used in dual stage EMI filter designs. Of
note, the conventional approach is to reduce the parasitic
leakage inductance of the common mode choke as low as
possible. However, in the present disclosure, we maintain
and configure this parasitic leakage inductance to some
value, e.g., around 2-4% of common mode inductance,
versus the typical 1% of common mode inductance value.
This parasitic leakage inductance of the common mode
choke is used for the differential mode filter. The appropriate
leakage inductance of common mode choke along with right
differential capacitance helps to attenuate both differential
mode and common mode noise and thus eliminates the need
for differential inductor, i.e., two stages, namely a common
mode filter and a differential mode filter. Advantageously,
the single stage EMI filter has a compact design, less
complexity, and lower cost, while also exceeding relevant
EMI specifications. In one example application, the single
stage EMI filter compact design allows use in a small form
factor telecom system.

Again, telecom systems with high-speed electronics need
to meet International regulatory noise emission require-
ments. These are defined by Electromagnetic Interference/
Compatibility (EMI/EMC) standards like CISPR 32; EN
55032 etc. To meet these requirements, an EMI filter circuit
is required at the power Input of telecom system. The filter
is designed such that any electromagnetic noise from the
system should be attenuated as per standard limits before
returning to the main power source.

The present disclosure relates to a single stage EMI filter
design to meet EMI requirements, for use in telecom appli-
cations, for use with multiple power input types, for use in
compact form factors, for use in outdoor hardened devices,
for use in data center or other indoor implementations, and
combinations thereof. The following description relates to
an outdoor telecom product. Those skilled in the art will
recognize this is one use for the single stage EMI filter
design, and other use cases are contemplated herewith.
Stated differently, the single stage EMI filter design is
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advantageous in the outdoor telecom product described
herein, but its use is contemplated in any application, form
factor, etc.

Power Sources

For example, there are mainly three power sources used
in telecom products:

1.) Universal AC (90-265 VAC 50/60 Hz Sinusoidal)

2.) DC (36V-75V)

3.) Cable AC (60-90 VAC 50/60 Hz Quasi Sine Wave)

Direct Current (DC), typically —48V, is the typical power
source for indoor telecom equipment, i.e., racks, frames, etc.
having a Power Distribution Unit (PDU) that connects to a
DC power source.

Alternating Current (AC), typically 120V in the U.S,, is
the typical power source for data products, such as rack
mounted units, integrated devices, so-called “pizza boxes”
called this because of their resemblance thereto, and the like.
This power source is can be a wall outlet.

Cable AC is the typical power source for cable products,
such as used in cable company networks, e.g., Multiple
System Operators (MSOs). These products may include
outdoor products, such as installed on a pole, in a hardened
form factor.

As described herein, the term “telecom” product, device,
system, etc. is meant tor refer to a physical implementation
of a network device, for use in any type of network, i.e., not
limited to telecom, but could be data, cable, wireless, a Local
Area Network (LAN), a Wide Area Network (WAN), a
campus network, an enterprise network, and the like. That is,
in an embodiment, the single stage EMI filter design is for
use in hardware used to realize a network device.

As can be appreciated based on the different power
sources listed above, as well as ones that are not listed, a
given EMI filter needs to support different types of power
sources. That is, the network device is configured to receive
one power input, but that power input may be one of a
plurality of different power source types. The single stage
EMI filter design contemplates this configuration, i.e., one
power input with the power source being one of a plurality
of different power source types.

The description of the outdoor telecom product herein
contemplates all three types of power sources, namely DC,
AC, and Cable AC. In another embodiment, a network
device could only require DC and AC, such as a network
device for indoor use in a data center, in a Service Provider
(SP)’s network, and the like.

EMI Filter

FIG. 1 is a circuit diagram of a power supply input filter
10 having a common mode filter stage 12 and a differential
mode filter stage 14. In this example, the common mode
filter stage 12 is connected to a power source 16, e.g., a
battery providing DC power. Again, the power supply input
filter 10 includes two stages, for the common mode and the
differential mode. That is, the power supply input filter 10 is
an EMI Filter designed as a two-stage filter with two types
of chokes to attenuate two types of noise: differential mode
and common mode.

The common mode filter stage 12 includes a common
mode choke (CMC) set of Y capacitors which attenuate the
noise generated common to positive and negative inputs, of
the power source 16, with respect to ground. The differential
mode filter stage 14 includes a differential choke along with
an X capacitor which attenuates the noise generated between
the positive and negative input terminal, of the power source
16. That is, the common mode filter attenuates noise com-
mon to positive and negative inputs, of the power source 16,
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with respect to ground, and the differential mode attenuates
the noise generated between the positive and negative input.

X capacitors are required for connections between mains
or neutral. Y capacitors are required whenever there is a
connection to grounded nodes. Due to the fact that equip-
ment cases are usually grounded, Y caps require higher
safety to avoid risks of electrical shocks to users.

Finally, outputs 18 from the differential mode filter stage
14 connect to a power supply (not shown), providing EMI
filtered power, from the power source 16.

Single Stage EMI Filter

FIG. 2 is a circuit diagram of a single stage EMI filter 20
according to various embodiments of the present disclosure.
FIG. 3 is a circuit diagram of a common mode inductor Lem
providing common mode inductance and acting as a differ-
ential mode inductor L.dm based on specific values of
parasitic inductance. The single stage EMI filter 20 is a
circuit designed to meet the Telecom EMI requirements
using a compact single stage EMI Filter. The single stage
EMI filter 20 eliminates the differential choke, namely the
differential mode filter stage 14 in the power supply input
filter 10. The single stage EMI filter 20 can include a
common design for different power sources 22, e.g., AC/DC
and CATYV source by using high voltage filter parts.

The single stage EMI filter 20 includes a power source
input 24 configured to connect to the power source 22. The
power source 22 can be a power source type of a plurality
of power source types, e.g., AC, DC, Cable AC, etc. In
another embodiment, the power source 22 can be configured
to connect to a single power source type.

The power source input 24 is connected to an equivalent
common mode and differential mode filter 30, which con-
nects to a differential capacitance stage 40, which connects
to a power supply (not shown), providing EMI filtered
power, from the power source 22.

FIG. 3 illustrates the inductance in the equivalent com-
mon mode and differential mode filter 30. The single stage
EMI filter 20, instead of using a conventional approach that
selects a common mode choke with 1% parasitic inductance,
includes a selected choke, of the Lem, with 2-4% of parasitic
Inductance value of common mode choke. As is known in
the art, parasitic inductance is an unwanted inductance effect
that is unavoidably present in all real electronic devices. As
opposed to deliberate inductance, which is introduced into
the circuit by the use of an inductor, parasitic inductance is
almost always an undesired effect. There are various
approaches in the art for reducing parasitic inductance, e.g.,
selecting appropriate signal traces, using the ground plane,
reducing vias, etc. Also, as is known in the art, parasitic
inductance is also referred to as leakage inductance.

Of note, we are avoiding the process of reducing the
parasitic inductance, but instead welcoming the parasitic
inductance for use in differential mode filtering. That is, the
equivalent common mode and differential mode filter 30
achieves both common mode filtering and differential mode
filtering with the same hardware, FIG. 3 illustrates the
equivalent circuit view where we use a single inductor 50,
but model its inductance as Lcm in series and as 2 Ldm in
two parallel lines.

The equivalent common mode and differential mode filter
30 can be referred to as a “choke,” and by selecting a choke
with mid- to high parasitic inductance (instead of the mini-
mum possible), this enables us to match it with a suitable X
capacitance, in the differential capacitance stage 40, to
provides significant differential noise attenuation.

The leakage (parasitic) inductance of the single inductor
50, when paired with the right differential capacitor, differ-
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6

ential capacitance stage 40, can filter mid to low differential
noise frequency spectrum (e.g., 150 Khz-30 Mhz), thereby
supporting both common mode filtering and differential
mode filtering in a single stage, namely the equivalent
common mode and differential mode filter 30. This helps
attenuate the differential noise without the differential
choke. Also, by choosing High Voltage parts Isolation and
creepage requirements are met for all 3 power sources.
(AC/DC & CATV).

Example Circuit Implementation of the Single
Stage EMI Filter

FIG. 4 is a circuit diagram of an example implementation
of a single stage EMI filter circuit 100, based on the single
stage EMI filter 20. Those skilled in the art will appreciate
the circuit 100 is one example implementation, and all such
equivalents based on the description of the single stage EMI
filter 20, the equivalent common mode and differential mode
filter 30, the differential capacitance stage 40, and the single
inductor 50 are contemplated herein.

The circuit 100 includes an input power connection J1
which includes a line DC+ input and a neutral DC-input,
each configured to connect to a power supply (not shown).
There are three Metal Oxide Varistors (MOVs) U1, U2, US
with the MOV U1 between the neutral DC- and ground, the
MOV U2 between the line DC+ and ground, and the MOV
US between the neutral DC- and the line DC+. The MOVs
Ul, U2, U5 are for lightning and surge protection. That is,
the circuit 10 can include a plurality of surge protectors U1,
U2, US, each configured to connect to any of the line DC+
input, the neutral DC-input, and ground.

The circuit 100 is an implementation of the single stage
EMI filter 20 to meet EMI/EMC compliance. The circuit 100
includes a common mode choke with leakage inductance
(inductor 1), a differential filter capacitor (C6) (e.g., an X
capacitor) and two stages of common mode Y capacitors
(C1, C2, C7, C8). Note, the terms “common mode choke,”
“common mode inductance,” and “common mode filtering”
can be used interchangeably.

The capacitor C2 is located between the neutral DC- and
ground. The capacitor C1 is located between the line DC+
and ground. The capacitor C6 is located between neutral
DC- and ground DC+ as is the inductor L1. The capacitor C8
is located between the neutral DC- and ground. The capaci-
tor C7 is located between the line DC+ and ground.

The inductor [.1 choke’s parasitic Inductance along with
the specific capacitance of the capacitor C6 gives the desired
results of an equivalent differential filter stage, as described
in FIGS. 2 and 3.

The circuit 100 uses the parasitic leakage inductance of
the common mode choke (1) as a differential mode filter to
replace the two separate chokes typically used in dual stage
EMI filter designs, as in FIG. 1.

The appropriate leakage inductance of common mode
choke along with specific differential capacitance of the
capacitor C6 helps to attenuate both differential mode and
common mode noise thereby eliminating the need for dif-
ferential Inductor.

In an embodiment, a single stage hybrid electromagnetic
interference (EMI) filter circuit (10), for use in a power
supply in a telecom device, includes a line DC+ input and a
neutral DC-input, each configured to connect to a power
supply; a plurality of surge protectors Ul, U2, US, each
configured to connect to any of the line DC+ input, the
neutral DC-input, and ground; an inductor L1 that provides
a common mode choke with leakage inductance, wherein
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the inductor L1 is in series between the line DC+ input and
the neutral DC-input; a differential filter capacitor C6
between the line DC+ input and the neutral DC-input; and
two stages of common mode Y capacitors C1, C2, C7, C8,
each configured to connect to any of the line DC+ input, the
neutral DC-input, and ground.

The capacitor C2 is located between the neutral DC- and
ground. The capacitor C1 is located between the line DC+
and ground. The capacitor C6 is located between neutral
DC- and ground DC+ as is the inductor L1. The capacitor C8
is located between the neutral DC- and ground. The capaci-
tor C7 is located between the line DC+ and ground.

The inductor L1 choke’s parasitic inductance along with
a capacitance of the capacitor C6 gives the desired results of
an equivalent differential filter stage. The single stage hybrid
EMI filter circuit (10) filters both differential mode and
common mode noise. The power supply provides any of a
240V AC, 48V DC, and 75V CATV power.

Single Stage EMI Filter Circuit

With references to FIGS. 2, 3, and 4, in another embodi-
ment, a single stage electromagnetic interference (EMI)
filter circuit 20 includes a power source input 24 configured
to connect to a power source 22; an equivalent common
mode and differential mode filter 30 including a single
inductor 50 having both common mode inductance for
common mode filtering and specific parasitic inductance;
and a differential capacitance stage 40 connected to the
single inductor 50 in parallel, wherein a combination of the
specific parasitic inductance and capacitance of the differ-
ential capacitance stage 40 are used to provide differential
mode filtering.

The power source 22 can have a power source type of a
plurality of different power source types. For example, the
different power source types are Alternating Current (AC)
and Direct Current (DC). In another example, the different
power source types are Direct Current (DC), Sinusoidal
Alternating Current (AC), and Quasi Sinusoidal wave AC.
In yet another example, the different power source types are
any of a 120V Alternating Current (AC), 48V Direct Current
(DC), and 75V Cable Television (CATV) power.

The single stage EMI filter circuit 20 can include a one or
more surge protectors located between the power source
input and the equivalent common mode and differential
mode filter. The single stage EMI filter circuit 20 can further
include an X capacitor for the differential capacitance stage;
and a plurality of Y capacitors for common mode capaci-
tance. The X capacitor can be located before and in parallel
with the single inductor. The plurality of Y capacitors can be
in two stages, one before and in parallel with the single
inductor, and another after and in parallel with the single
inductor.

Example Implementation

FIG. 5 is a perspective diagram of an example implemen-
tation 200 of the single stage EMI filter circuit 100, based on
the single stage EMI filter 20. The implementation 200
includes the power source input 24, i.e., two connectors, a
Printed Circuit Board (PCB) 202, the various components
described herein, and a power output 204. Of note, this is a
relatively compact implementation, and adding the second
stage clearly would increase the size of the implementation
200 significantly.

Example Use in Outdoor Telecom System

FIG. 6 is a diagram of a network device 300 in a hardened
form factor 302 that is open. FIG. 7 is a diagram of the
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network device in the hardened form factor 302 that is
closed. In this example, the hardened form factor 302 is
meant for outdoor deployment, e.g., on a pole. The hardened
form factor 302 is a housing that contains all of the com-
ponents associated with the network device 300 including
the implementation 200 of the single stage EMI filter circuit
100. Because the hardened form factor 302 contemplates
mounting on a pole and for other reasons, it has a compact
design, necessitating use of the compact form factor of the
implementation 200.

As is known in the art, “hardened” means the form factor
302 is designed to withstand environmental conditions out-
doors, e.g., rain, wind, heat, snow, moisture, etc. As is seen
in FIG. 7, the hardened form factor 302 is closeable and the
only cabling thereto are cables 304 to the power source input
24 and data cables through a data connection port 306.

In an embodiment, the hardened form factor 302 requires
opening for maintenance, including field replacement of the
single stage EMI filter circuit 100 implementation 200. In
this manner, the single stage EMI filter circuit 100 imple-
mentation 200 may be located on a top cover of the hardened
form factor 302 and there may be an extended cable 310
from the power output 204. Here, the extended cable 310 has
to route power from the single stage EMI filter circuit 100
implementation 200 at the top cover to the components
inside the hardened form factor 302.

In an embodiment, a network device includes a housing or
chassis; a power distribution unit in the housing or chassis;
and the single stage EMI filter circuit 100 implementation
200 in the housing or chassis.

Test Results

The single stage EMI filter circuit 100 implementation

200 was tested as follows:

Test Standard CISPR 32; EN 55032; ETSI EN 300 386

Class Class A

Frequency Range 0.15 MHz to 30 MHz
Resolution Bandwidth 9 kHz

Video Bandwidth 30 kHz

Step size 4 kHz

Pre-scan meas. time 20 ms

Final meas. time 1 Sec

Attenuation 10 dB/Auto

Applicable Line Power Line (AC): Line & Neutral

Power Line (DC): Positive & Negative

Power Line (CATV): Line & Neutral
Signal Line: MGMT
Cable Type Shielded/Unshielded
Detector Peak, Quasi Peak & Average
Input voltage 240 V AC 48 V DC 75 V CATV
Input frequency 50 Hz NA 50 Hz

All three power sources (240V AC, 48V DC, 75V CATV)
meet Class A EMI Limits with more than 10 dB margin.
Also, initial test results show the circuit 100 meets Class B
requirements as well. Thus, the design of the single stage
EMI filter 20 and the example implementation 200 of the
single stage EMI filter circuit 100 has been validated with
actual test results which meets CISPR 32 Class A EMI limits
with good margins.

Single Stage EMI Filtering Process

FIG. 8 is a flowchart of a process 400 of single stage EMI
filtering according to various embodiments of the present
disclosure. The process 400 contemplates implementation
via circuit design based on the single stage EMI filter 20
described herein. The process 400 includes receiving power
from a power source (step 402); performing common mode
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filtering with an equivalent common mode and differential
mode filter that includes a single inductor and that has both
common mode inductance for common mode filtering and
specific parasitic inductance (step 404); and performing
differential mode filtering with the single inductor and a
differential capacitance stage connected to the single induc-
tor in parallel, wherein a combination of the specific para-
sitic inductance and capacitance of the differential capaci-
tance stage are used for the differential mode filtering.

CONCLUSION

It will be appreciated that some embodiments described
herein may include one or more generic or specialized
processors (“one or more processors”) such as microproces-
sors; central processing units (CPUs); digital signal proces-
sors (DSPs): customized processors such as network pro-
cessors (NPs) or network processing units (NPUs), graphics
processing units (GPUs), or the like; field programmable
gate arrays (FPGAs); and the like along with unique stored
program instructions (including both software and firmware)
for control thereof to implement, in conjunction with certain
non-processor circuits, some, most, or all of the functions of
the methods and/or systems described herein. Alternatively,
some or all functions may be implemented by a state
machine that has no stored program instructions, or in one
or more application-specific integrated circuits (ASICs), in
which each function or some combinations of certain of the
functions are implemented as custom logic or circuitry. Of
course, a combination of the aforementioned approaches
may be used. For some of the embodiments described
herein, a corresponding device in hardware and optionally
with software, firmware, and a combination thereof can be
referred to as “circuitry configured or adapted to,” “logic
configured or adapted to,” etc. perform a set of operations,
steps, methods, processes, algorithms, functions, techniques,
etc. on digital and/or analog signals as described herein for
the various embodiments.

Moreover, some embodiments may include a non-transi-
tory computer-readable storage medium having computer-
readable code stored thereon for programming a computer,
server, appliance, device, processor, circuit, etc. each of
which may include a processor to perform functions as
described and claimed herein. Examples of such computer-
readable storage mediums include, but are not limited to, a
hard disk, an optical storage device, a magnetic storage
device, a read-only memory (ROM), a programmable read-
only memory (PROM), an erasable programmable read-only
memory (EPROM), an electrically erasable programmable
read-only memory (EEPROM), Flash memory, and the like.
When stored in the non-transitory computer-readable
medium, software can include instructions executable by a
processor or device (e.g., any type of programmable cir-
cuitry or logic) that, in response to such execution, cause a
processor or the device to perform a set of operations, steps,
methods, processes, algorithms, functions, techniques, etc.
as described herein for the various embodiments.

Although the present disclosure has been illustrated and
described herein with reference to preferred embodiments
and specific examples thereof, it will be readily apparent to
those of ordinary skill in the art that other embodiments and
examples may perform similar functions and/or achieve like
results. All such equivalent embodiments and examples are
within the spirit and scope of the present disclosure, are
contemplated thereby, and are intended to be covered by the
following claims. The foregoing sections may include head-
ers for various embodiments and those skilled in the art will
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appreciate these various embodiments may be used in com-
bination with one another as well as individually. Further, it
is noted that the various elements, operations, steps, meth-
ods, processes, algorithms, functions, techniques, etc.
described herein can be used in any and all combinations
with one another.

What is claimed is:

1. A single stage electromagnetic interference (EMI) filter
circuit comprising:

a power source input configured to connect to a power

source;

an equivalent common mode and differential mode filter
including a single inductor having both common mode
inductance for common mode filtering and specific
parasitic inductance; and

a differential capacitance stage connected to the single
inductor in parallel, wherein a combination of the
specific parasitic inductance and capacitance of the
differential capacitance stage are used to provide dif-
ferential mode filtering.

2. The single stage EMI filter circuit of claim 1, wherein
the power source has a power source type of a plurality of
different power source types.

3. The single stage EMI filter circuit of claim 2, wherein
the different power source types are Alternating Current
(AC) and Direct Current (DC).

4. The single stage EMI filter circuit of claim 2, wherein
the different power source types are Direct Current (DC),
Sinusoidal Alternating Current (AC), and Quasi Sinusoidal
wave AC.

5. The single stage EMI filter circuit of claim 2, wherein
the different power source types are any of a 120V Alter-
nating Current (AC), 48V Direct Current (DC), and 75V
Cable Television (CATV) power.

6. The single stage EMI filter circuit of claim 1, further
comprising:

a one or more surge protectors located between the power
source input and the equivalent common mode and
differential mode filter.

7. The single stage EMI filter circuit of claim 1, further

comprising:

an X capacitor for the differential capacitance stage; and

a plurality of Y capacitors for common mode capacitance.

8. The single stage EMI filter circuit of claim 7, wherein
the X capacitor is located before and in parallel with the
single inductor.

9. The single stage EMI filter circuit of claim 7, wherein
the X capacitor is located after and in parallel with the single
inductor.

10. The single stage EMI filter circuit of claim 7, wherein
the X capacitor is located after and in parallel with the single
inductor, and further comprising a second X capacitor
located before and in parallel with the single inductor.

11. The single stage EMI filter circuit of claim 7, wherein
the plurality of Y capacitors are in two stages, one before and
in parallel with the single inductor, and another after and in
parallel with the single inductor.

12. The single stage EMI filter circuit of claim 1, wherein
the specific parasitic inductance is between 2-4% of com-
mon mode inductance.

13. A network device comprising:

a housing or chassis;

a power distribution unit in the housing or chassis; and

a single stage electromagnetic interference (EMI) filter
circuit in the housing or chassis, wherein the single
stage EMI filter circuit includes
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a power source input configured to connect to a power
source,

an equivalent common mode and differential mode
filter including a single inductor having both com-
mon mode inductance for common mode filtering
and specific parasitic inductance,

a differential capacitance stage connected to the single
inductor in parallel, wherein a combination of the
specific parasitic inductance and capacitance of the
differential capacitance stage are used to provide
differential mode filtering, and

a power output to the power distribution unit.

14. The network device of claim 13, wherein the power
source has a power source type of a plurality of different
power source types.

15. The network device of claim 14, wherein the different
power source types are Alternating Current (AC) and Direct
Current (DC).

16. The network device of claim 14, wherein the different
power source types are Direct Current (DC), Sinusoidal
Alternating Current (AC), and Quasi Sinusoidal wave AC.

17. The network device of claim 14, wherein the different
power source types are any of a 120V Alternating Current
(AC), 48V Direct Current (DC), and 75V Cable Television
(CATV) power.
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18. The network device of claim 13, wherein the specific
parasitic inductance is between 2-4% of common mode
inductance.

19. A method of single stage electromagnetic interference
(EMD) filtering comprising steps of:
receiving power from a power source;

performing common mode filtering with an equivalent
common mode and differential mode filter that includes
a single inductor and that has both common mode
inductance for common mode filtering and specific
parasitic inductance; and

performing differential mode filtering with the single
inductor and a differential capacitance stage connected
to the single inductor in parallel, wherein a combina-
tion of the specific parasitic inductance and capacitance
of the differential capacitance stage are used for the
differential mode filtering.

20. The method of claim 19, wherein the power source has
a power source type of a plurality of different power source

types.



